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Introduction
Mine drainage is a widespread problem and occurs when sediments containing sulfide
minerals are exposed to water and air. Mine drainage can contain can contain acidity,
sulfates and metals, including arsenic, iron, copper, nickel, and zinc. The Duluth
Complex in northeastern Minnesota formed between 1.2 and 1.1 billion years ago as
part of the mid-continent rift system. The geologic processes associated with this system
produced one of the largest undeveloped metal deposits in the world with significant
amounts of copper, nickel, platinum, palladium and gold. Currently, multiple mining
companies are in the process of securing permits to mine these metals. One of the
concerns is the potential impact mining will have on the environment, particularly
through the generation of mine drainage and the associated acidity and metals pollution.

Metal associations with the peat as well as availability and mobility were evaluated
using a sequential extraction procedure developed by Ure et al. (2003) (Table 1).
This method employed selected reagents to target specific phases, including the
water soluble, exchangeable and carbonates (acetic acid) iron and magnesium
oxides (hydroxylamine hydrochloride), and organic matter and sulfides (hydrogen
peroxide and ammonium acetate). Reagents were pipetted off following each step
and the resulting solutions were analyzed using either FAAS or GFAAS.
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The goal of this study was to evaluate the accumulation of copper, nickel and zinc in a
natural wetland in northeastern Minnesota that receives mine drainage from a nearby
seep (average pH between 6.0 and 6.8) originating from a mineralized zone related to
the Duluth Complex and to compare these results to those from a wetland west of the
area directly receiving the mineralized drainage. The three metals were selected for
study based on the composition of drainage seen in other locations in the area.
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Table 1. Sequential extraction procedure.
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Results
The average concentration of copper, nickel and zinc (determined using the dry ash
procedure) for each core are shown in Figure 3. The highest levels of copper are
seen in the core collected at Location 3, the location west of the area receiving the
drainage from the mineralized zone. Nickel concentrations are highest in Locations
1 and 2, while zinc concentrations are about the same between the three locations.

Figure 4. Copper (a), nickel (b), and zinc (c) concentrations with depth.

Discussion and Conclusion
Our results show copper, nickel and zinc are accumulating in the peat at all sampling
locations. Location 3 is either somehow impacted by the seep from the mineralized zone
or reflects natural background levels in the area. Preliminary analysis of the sequential
extraction data show that the metals are either part of the exchangeable fraction or
bound to the organic matter. Further analysis of the sequential extraction data is
necessary and will hopefully yield information to better explain the patterns seen in
Figures 3 and 4.
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Figure 3. Average copper, nickel, and zinc accumulation within each core.

Overall there was no apparent trend in concentration with depth in any of the three
metals tested (copper, nickel, and zinc) (Figure 4). At Location 3, the
concentrations of copper and nickel within the core increased with depth.
Data from the sequential extraction are still being analyzed. Preliminary analysis
indicates that copper and zinc are most closely associated with the organic matter
phase, while nickel appears to be released as part of the exchangeable fraction.
This indicates that copper and zinc are preferentially taken up by the peat
whereas nickel is bound only to exchangeable sites on the surface of the peat.
Figure 2. Analytical work was preformed using FAAS and GFAAS at Indiana University.
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Figure 1. Location of the sampling site near Ely, MN.
Metal concentrations in the peat samples were determined using a dry ash procedure
following that described by Tuzen (2003) for soil and plant material. For each sample,
1 g of air-dried material was placed in a crucible and heated in a muffle furnace at 450C
for four hours. After each sample cooled, 5 mL of 25% nitric acid (v/v) was added each
sample and the resulting solution was filtered into 25 mL volumetric flasks and brought
up to volume with 25% nitric acid. Solutions were analyzed (Figure 2) by either flame
atomic adsorption spectrometry (FAAS) or graphite furnace atomic adsorption
spectrometry (GFAAS) at Indiana University (Bloomington, IN).
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Peat core samples were collected using a peat corer at two locations in the wetland
(numbers 1 and 2 on Figure 1) receiving drainage from the mineralized zone and at one
location in the wetland (number 3 on Figure 1) west of the area receiving drainage from
the mineralized zone and across a small stream. In order to ensure enough material
would be available for analysis, two cores were obtained at each sampling location.
®
Samples were placed in labeled Ziploc bags and the air was squeezed out of each bag
before sealing. All samples were transported back in a cooler to Winona State University
where they were stored in a refrigerator. Each set of cores collected at individual
sampling locations were combined according to depth (0-20 cm, 20-50 cm and 50-100
cm).

1 M ammonium acetate
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